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Interferometric distributed optical fiber sensing monitoring systems are widely 
used in fiber-optic perimeter sensors, oil and gas pipeline leak monitoring, and fiber 
optic cable monitoring. The fiber-optic interferometric sensor has many advantages 
including high sensitivity, high instantaneity, simple structure and low cost. As 
reported in the literature, the optical fiber interferometer sensing monitoring system 
could be constituted with Sagnac structure, Michelson structure, Mach-Zehnder 
structure, and a hybrid sensor structure based on the above ones. 
This dissertation begins with the synthetic study of research status of fiber-optic 
monitoring system, then the analysis of key device performance of the sensing system 
and monitoring areas extension technology, including the optical phase modulation 
mechanism, the phase characteristics of the optical fiber coupler, the output signal 
polarization fading of the sensing system, monitoring areas extension technology of 
fiber perimeter sensing system based on WDM technology, and so on. Make 
experimental testing and research with these issues. The specific content: 
(1) The fiber coupler is an essential component of the fiber interferometer sensor. 
First, the output of the coupler under different input conditions is deduced, and the 
relationship between the output of the coupler and its own structural parameters is 
simulated and calculated. The output signal phase difference of fiber coupler is a key 
parameter that affects the output characteristics of the fiber interferometric sensing 
system. In order to measure this parameter, the dissertation presents a simple and 
practical Lissajous figure measurement. This method uses the mapping principle of 
Lissajous ellipse shape and phase difference, and uses Visual Basic development 
environment for programming, to achieve the measurement process of the phase 
difference. Using this approach, the advantages including single optical structure, 
convenient operation, and accurate measurement results. The experimental data show 
that the measurement error of this phase difference measurement method is less than 
1° . 
(2) Contra pose the single-line fiber perimeter sensing system based on the 
Sagnac interferometer principle, the relationship between the output light intensity 
and the input phase perturbations is deduced, the relationship between the sensitivity 
of the output light intensity and the phase offset of the system is analyzed. A method 
using polarization controller can be used to adjust the phase offset of the perimeter 
sensing system, and experimental validation is implemented. The perimeter sensing 
location arithmetic using the frequency spectral characteristics of the output signal is 
deduced and experimental verification is implemented. The experimental data show 
that the location error of this arithmetic is less than 1.5% . 
(3) Design and analyze a new scheme using WDM technology to achieve the 
monitoring area extension and channel extension of the fiber perimeter sensing system. 
WDM device and technique enable different sensing fibers to share the same 
interference section, therefore the interferometer subsystems can operate 
simultaneously and independently. The experimental results show that the perimeter 
sensing system can realize the intrusion detection and location of several distributed 
subarea. Intrusion detection executes rapidly, the response time is less than 1 
millisecond, and the crosstalk among subarea is less than -20 dB. 
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实现，传感原理如图 1.1 所示。 
 






术。光纤光栅级联复用传感系统模型如图 1.2 所示。 
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